One of the main objectives of image processing is to optimize visualization of particular thematic dataset. The processing methodology and strategy are very different from broadband image processing in many aspects. This strategy highly depends on the application and its objectives. For natural disasters such as earthquakes and tsunamis which affect a large area, the data obtained from satellite image processing can be utilized. The data can be used for disaster management for rescue and relief plan during disaster and disaster preparedness for future disasters. In order to meet objectives of disaster management, it is normally required to have a complete information system. The type of disaster may also dictate the type of processing and interpretation technique of images. This paper reviews the methods of satellite image processing and also the disaster management requirements. Based in these two issues the advantages and limitations of image processing methods have been discussed considering important natural disasters.
INTRODUCTION
Image processing is almost always the first step of any remote sensing application project but it is often given greater significance than it deserves. Visual interpretation is therefore essential. Thematic maps are the most important products of remotely sensed imagery, and they are derived by either visual interpretation or image segmentation (computerized classification). Thus far, broadband multi-spectral and Synthetic Aperture Radar (SAR) images are the most commonly used datasets. The image processing strategy proposed in this section is most relevant to these types of data, and its goal is the effective discrimination of different spectral and spatial targets. We use the word "discrimination" advisedly in this context; in general, it is only possible to differentiate between rocks, soils and mineral groups using broadband data, rather than identify them.
In contrast, the processing of hyper-spectral image data is to achieve spectral target identification, to species level in the case of rock-forming minerals, and thus has a different strategy. Many people make the mistake either of thinking that hyper-resolution is the answer to all problems, or putting off investing such technology at all because they do not understand its role or are suspicious of its acclaimed capability. A hyper-spectral dataset is acquired using an imaging spectrometer or hyper-spectral sensor, which is a remote sensing instrument that combines the spatial presentation of an imaging sensor with the analytical capabilities of a spectrometer. Such a sensor system may have up to several hundred narrow bands, with a spectral resolution of the order of 10 nm or narrower. Imaging spectrometers produce a nearcomplete spectrum for every pixel of the image, thus allowing the specific identification of material rather than merely the discrimination between them.
A hyper-spectral dataset truly provides a data volume or cube. Here it is more important to analyze the spectral signature of each pixel than to perform general image enhancement. Considering that hyper-spectral remote sensing is a broad and important topic on its own, covering data processing and application development, in this paper we have decided to discuss it only briefly and to focus instead on broadband multi-spectral remote sensing.
When we are involved in a project, we should think along the following lines and, broadly speaking, in the following order: 
SATELLITE IMAGE INTERPRETATION TECHNIQUES
We should begin by considering the location of the area being mapped. The most obvious consideration in this case is its regional geological setting and its climate. The former will help us to anticipate the tectonics and lithological characteristics. The latter will point to the nature of the terrain surface, whether it is vegetated, subject to persistent cloud and so on. In some case, the area is classified into semi-desert. As a consequence, what is recorded in remotely sensed imagery represents an almost complete record of surface geological exposure across the region, which makes geological interpretation relatively straightforward. The arid climate makes vegetation a very useful indicator of the presence of ground water and surface water, and the appearance of localized patches of healthy vegetation usually reveals small rural settlements supported by springs, which are themselves controlled by lithology and structure. Even large-scale agriculture may reveal similar geological control of regional water supplies since this is always more cost effective than piping in water from elsewhere. The aspect of mountain areas will also affect the distribution of areas (north-facing slopes) that can support natural vegetation and woodland; their presence will need to be considered in interpreting the spectral properties of ground targets. Interpretation of different themes in multiple layers:
(1) Structure of the map project file -the data will likely be organized slightly differently from case to case, because of difference in the specific GIS software used. Essentially, though, it is sensible to keep solid and drift geological feature in separate layers. At this simple level of data capture, it is desirable to capture lithological areas as polygons. This choice of strategy rather depends on the time available to complete the task and the software tools available to us. Doing this "quick", non-topologically correct way means that they have certain limitation on the complexity of information that is captured and conveyed: silver and gaps, and island polygons are to be avoided. This method is perfectly acceptable if the final product is required only as a single map product for reference and if no further spatial analysis will be required of the geological polygons. (2) Other features such as quarries are also easily stored as simple polygons. Faults on the other hand, by their inherent nature, are stored as linear features in a poly line file. Other cultural data can also be captured/imported and stored but should be stored separately from the interpreted features, but could be grouped together for convenience. Such features could include towns (points), roads (poly line) and drainage (poly line). In addition to the images which are the source data for the interpreted features, there are other raster images in the database, namely the Shuttle Radar Topography Mission Digital Elevation Model (SRTM DEM) and the regional geological map. Again these raster data layers are, by their nature, stored differently and separately from the vector features, but could usefully be grouped together as reference layers or in two groups, for example satellite images and regional data. (3) Use of an interpretation guidance table -This forms an important step in understanding the way in which the displayed spectral bands determine the color of features in each image. The connection is made between relative reflectivity in particular wave bands (for example Landsat bands 1, 2, 3, 4 and 5 in this instance) and image brightness in particular color bands (red, green and blue). (4) Map composition -The final product will include the interpreted geological information plus sufficient cultural information to make the map navigable, and items normally found on any map, such as a coordinate grid, scale bar, north arrow, annotation, title and map legend to explain colors and symbols used on the map. Given the database contains height data, in the form of the SRTM DEM, both the images and the final map can then be visualized in pseudo three dimensions.
1)

NATURAL DISASTER MANAGEMENT REQUIREMENTS
The aim of the disaster management plan is to ensure that the following components are addressed to facilitate planning, preparedness, operational, coordination and community participation:  Promoting a culture of prevention and preparedness by ensuring that Disaster Management (DM) receives the highest priority at all levels.  Ensuring that community is the most important stakeholder in the DM process.  Encouraging mitigation measures based on state-of-the-art technology and environmental sustainability.  Mainstreaming DM concerns into the developmental planning process.  Putting in place a streamlined and institutional techno-legal framework for the creation of an enabling regulatory environment and a compliance regime.  Developing contemporary forecasting and early warning systems backed by responsive and fail-safe communications and Information Technology (IT) support.  Promoting a productive partnership with the media to create awareness and contributing towards capacity development.  Ensuring efficient response and relief with a caring approach towards the needs of the vulnerable sections of the society.  Undertaking reconstruction as an opportunity to build disaster resilient structures and habitat.  Undertaking recovery to bring back the community to a better and safer level than the pre-disaster stage.
2)
The above mentioned objectives normally require a complete information system which can be utilized by using satellite image processing. The main approaches to follow for using these data are:
 Immediate information for rescue and relief plan during disaster  Information database and detail processing for disaster preparedness for future disasters Besides the above approaches the type of disaster may also dictate the type of processing and interpretation technique of images. Based on the two discussions in section 2 and section 3 of the paper, the appropriate methods can be described in the next section.
IMAGE PROCESSING
The processing for mapping a disaster affected area for example by tsunami is step-by-step as follows:
• Collect the corresponding images before and after tsunami.
• Pan-sharpen the both images to facilitate multi-spectral information at a higher spatial resolution. For example, 0.6 meter multi-spectral images can be achieved from 2.4 meter original multi-spectral QuickBird images.
• Co-register the pre-event and post-event images.
• Focus on the areas along the coastline. Depending on topography, the construction in the area and the power of the tsunami hit, the affected-distance from the coastline by tsunami can be from several hundred meters to several kilometers.
• Generate the scale-space for the both images.
• Extract vegetation and/or soil objects from the both images. Building objects might or might not be extracted depending on the concerned area.
• Compare the extracted results to analyze the changes of each object and to generally detect the boundary of the affected area. 3) Four levels of satellite image processing can be defined as shown in Figure 1 . Classical pixel-based image classification automatically categorizes all pixels in an image into land cover classes or themes in a pixel by pixel manner. Usually, multispectral data are used and the spectral pattern present within the data for each pixel is used as the numerical basis for categorization. The classical pixel-based methods are minimumdistance/nearest neighbor, parallelepiped and maximum likelihood classifiers. Object-based image analysis comprises two parts: 1) image segmentation and 2) classification based on objects' features in spectral and spatial domains. This kind of processing can be done in three types as texture processing, feature processing and context processing. Image segmentation is a kind of regionalization, which delineates objects according to a certain homogeneity criteria and at the same time requiring spatial contingency. By segmentation, the image is divided into homogeneous, continuous and contiguous objects. Several parameters are used here to guide the segmentation result. The Scale parameter determines the maximum allowed heterogeneity for the resulting image objects. 4) Although, as shown in Figure 2 , pixel-based approaches have certain strong merits and remain in widespread use, operating at the spatial scale of the pixel can have major drawbacks. Chief among these is that a pixel's spatial extent may not match the extent of the land cover feature of interest. For instance, the problem of mixed pixels is well known, whereby a pixel represents more than a single type of land cover. A solution to the difficulties associated with pixelbased classification may be to operate at the spatial scale of the objects of interest themselves, rather than relying on the extent of image pixels. Various studies performed to use satellite image processing techniques have shown various results on the precision of processing methods. For example some of them discuss on error sources such as "commission error" and "omission error". However these errors exist for all processing methods and the rate of the errors depends on the quality of the images and also processing tool. The point is that the effect of errors on the application of image processing not only depends strictly on its rate, but also on the application. It is recommended in general to use both methods to reduce the effects of errors for natural disasters applications.
APPLICATION IN NATURAL DISASTERS
Many types of information that are needed in natural disaster management have an important spatial component. Spatial data are data with a geographic component, such as maps, aerial photography, satellite imagery, Global Positioning Systems (GPS) data, rainfall data, and borehole data. First of all, remote sensing and Geographic Information Systems (GIS) provides a data base from which the evidence left behind by disasters that have occurred before can be interpreted, and combined with other information to arrive at hazard maps, indicating which areas are potentially dangerous. The zonation of hazard must be the basis for any disaster management project and should supply planners and decisionmakers with adequate and understandable information. Remote sensing data, such as satellite images and aerial photos allow us to map the variabilities of terrain properties, such as vegetation, water, and geology, both in space and time. Satellite images give a synoptic overview and provide very useful environmental information, for a wide range of scales, from entire continents to details of a few meters. Secondly, many types of disasters, such as tsunamis, floods, drought, cyclones and volcanic eruptions will have certain precursors. The satellites can detect the early stages of these events as anomalies in a time series. Images are available at regular short time intervals, and can be used for the prediction of both rapid and slow disasters. When a disaster occurs, the speed of information collection from air and space borne platforms and the possibility of information dissemination with a matching swiftness make it possible to monitor the occurrence of the disaster. Many disasters may affect large areas and no other tool than remote sensing would provide a matching spatial coverage. Remote sensing also allows monitoring the event during the time of occurrence while the forces are in full swing. The vantage position of satellites makes it ideal for us to think of, plan for and operationally monitor the event. GIS is used as a tool for the planning of evacuation routes, for the design of centers for emergency operations, and for integration of satellite data with other relevant data in the design of disaster warning systems. In the disaster relief phase, GIS is extremely useful in combination with GPS in search and rescue operations in areas that have been devastated and where it is difficult to orientate. The impact and departure of the disaster event leaves behind an area of immense devastation. Remote sensing can assist in damage assessment and aftermath monitoring, providing a quantitative base for relief operations. In the disaster rehabilitation phase, GIS is used to organize the damage information and the post-disaster census information, and in the evaluation of sites for reconstruction. Remote sensing is used to map the new situation and update the databases used for the reconstruction of an area, and can help to prevent that such a disaster occurs again. 6) In each phase of disaster management as those noted above, the goal and output will dictate the appropriate processing techniques. For example, the application of satellite image processing for disaster preparedness and assessment has been presented in Table 1 . As shown in the table, various techniques and goals can be implemented each focusing on a special feature such as absence and presence, location, distribution, distance and disaggregation. Sample outputs have been introduced for each feature. In such cases a feature based processing can be the most affecting technique. Processing goals and outputs vary based on disaster management stages as shown in Figure 3 . If we consider disaster management activities after disaster happening, four stages can be defined as emergency relief, early recovery, reconstruction and development. For example in the case of emergency relief, we require to know about the distribution and quantity of debris. In this case a pixel based processing is more fast and useful while, for example for camp construction in an early recovery phase, a texture base processing may be more useful. 
CONCLUDING REMARKS
This study addressed the problem of image processing for the purpose of natural hazard mitigation in general and demonstrated the feasibility of employing remotely sensed images for this purpose. Some of the major technical challenges involved in natural hazard mitigation were also identified and successfully dealt with. The type of processing depends on the output required for natural hazard mitigation and disaster management. It also depends on the phases of disaster and varies from preparedness to reconstruction. In each phase of disaster management, the objectives and also the effect of data precision on decision making is different. It is concluded in general that for preparedness phase conventional methods such as pixel based processing would not be sufficient and more accurate methods such as combination of pixel and object based methods will be more efficient because in this stage various data and features are required and more time exists for processing and data acquisition. For relief and early recovery phases less data are available and it almost limits to debris distribution on quantification. Thus for these stages a conventional fast pixel based technique can be sufficient. Note that the total rate of the errors in this method should be recognized before decision making. For restoration and also post disaster phases including reconstruction and environmental rehabilitation, the objectives are again various and thus more complete methods as combination of pixel based and texture, feature and context based techniques can be recommended.
